A new acylated and triterpenoidal saponin, named GS1, was isolated from the roots of Gypsophila arrostii Guss. On the basis of acid hydrolysis, comprehensive spectroscopic analyses and comparison with spectral data of known compounds, its structure was established as 3
Introduction
Saponins are secondary metabolites which are widely distributed in the plant kingdom. It acts as a chemical barrier or shield in the plant defense system to counter pathogens and herbivores. [1] The saponin structure, which can easily exceed molecular weights of 1000 Da, is built up of a polar section which is characterized by at least one sugar unit or chain connected to the less polar aglycone (sapogenin) which can be roughly classified as triterpene or steroidal character. [2] Saponins have been ascribed a number of pharmacological actions, the important ones being permeabilizing of the cell membrane, decreasing of serum cholesterol levels, stimulation of luteinizing hormone release leading to abortifacient properties, immunomodulatory potential via cytokine interplay, cytostatic and cytotoxic effects on malignant tumor cells, adjuvant properties for vaccines as immunostimulatory complexes, inhibition of adipogenesis, and synergistic enhancement of the toxicity of immunotoxins. [3] [4] [5] [6] [7] [8] [9] In addition to pharmaceutical applications, saponins have been used in foods as natural surfactant and serve as preservative in controlling microbial spoilage of food. More recently, due to consumer preferance for natural substance, Quillaja saponin has been used as a natural small molecule surfactant in beverage emulsions in replacing synthetic surfactant of Tweens. [10] Gypsophila species are called as çöven (local name) and widely used in production of tahini halvah in Turkey. Our preliminary studies on Gypsophila (Caryophyllaceae) genus led to the isolation of bidesmosidic saponins containing gypsogenin, hederagenin, gypsogenic acid, and quillaic acid as aglycon and a sugar portion made up of four to nine sugar units. [11, 12] The aim of this study was the isolation and characterization of the predominant saponin from Gypsophila arrostii roots with regard to a comprehensive LC/MS and 2D-NMR analyses including their fragmentation characteristics.
Material and methods

Plant material
Gypsophila arrostii Guss. plants were harvested from Antalya region in July 2013. The roots were separated from the rest of the plant and used for isolation of saponin fraction. Voucher specimens of Gypsophila arrostii were assigned by Prof. Celik and deposited at the Department of Biology (Pamukkale University, Denizli, Turkey; Vouchers ACG-1-3).
Isolation of predominant saponin compound
The cut fresh roots (120 g) were grounded and extracted with 3 L of an MeOH/water (5/3; v/v), each step for 2 h at room temperature following filtration through a filter paper placed in a Büchner funnel. The filtrates were collected and MeOH was removed in vacuo by rotovaporation (55°C). The remaining syrup was kept at 4°C for 24 h. The suspension was then filtered to remove water-insoluble tannins and other insoluble compounds. Thereafter, the solution was fractionated (5 × 50 mL) and kept in the freezer. In order to hydrolyse crufts like water-soluble tannins each 50 mL fraction was adjusted with 10 mM KOH to pH ∼11. The chemical degradation with KOH reduced the matrix complexity of the plant raw extract which facilitated an increased separation efficiency of the Gypsophila saponins by high-performance liquid chromatography (HPLC). The solution was swirled 12 h at 40°C and filtered through a Nalgene™ Disposable Filterware (0.45 μm). To remove the low molecular compounds the solution was dialyzed against ultrapure water by using dialysing biomembrane (MWCO 1000) and finally freeze dried. After dissolving in 20% MeOH, the saponins (0.5 mL,∼40 mg) were subjected to RP18 (7 μm, 250 × 8 mm) column. Elution was performed with a gradient of MeOH (A) CF 3 COOH (TFAA; 0.01%; B) starting with 20% A to 70% A over 60 min. The flow rate was 0.5 mL/min (25°C). The separated saponin, GS1 (14 mg, t R = 38.5 min) was collected and analyzed by ESI-TOF-MS/MS.
Analytical procedures and equipment
The optical rotations were determined on a Perkin Elmer 192 polarimeter equipped with a sodium lamp (589 nm) and 10-cm microcell.
1 H/ 13 C NMR spectra were recorded at 500 and 125 MHz, respectively, on a Bruker AMX-500 spectrometer. For measuring the 1 H/ 13 C NMR analyses, the samples were prepared by dissolving 5.5 mg of GS1 in 500 mL pyridine-d 5 . Chemical shifts were referred to the residual solvent signal (pyridine-d 5 : δ H 7.23, 7.58, 8.75; δ C 123.8, 135.8, 150.3). The assignments were based on double quantum filter-correlation spectroscopy (DQF-COSY), total correlated spectroscopy (TOCSY), heteronuclear single quantum coherence-total correlated spectroscopy (HSQC), and HMBC experiments at 600/150 MHz. The IR spectra were recorded with a Perkin Elmer 100 FT-IR Spectrometer.
Acid hydrolysis and detection of sugar units by gas chromatography/mass spectrometry (GC/ MS)
A solution (2.3 mg) of GS1 in 1 N HCl (0.5 mL) was stirred at 80-85°C for 2.0 h. After cooling, the solution was concentrated by blowing with N 2 . The residue was dissolved in 1-(trimethylsilyl)-imidazole and pyridine (0.1 mL), and the solution was stirred at 60°C for 5 min. After drying the solution with a stream of N 2 , the residue was partitioned between H 2 O and CH 2 Cl 2 (1 mL, 1:1 v/v). The CH 2 Cl 2 layer was analyzed by GC using an l-Chirasil-Val column (0.32 mm × 25 m). Temperatures of the injector and detector were 200°C for both. A temperature gradient system was used for the oven, starting at 100 C for 1 min and increasing up to 180 C at a rate of 5°C/min. 
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Results and discussion
A new acylated saponin compound-GS1, an amorphous powder, had a molecular formula of C 80 H 120 O 38 determined by positive ion mode ESI-TOF-MS (at m/z 1690.72) [M+H] + as well as 13 C NMR data (Table 1) . Its infrared (IR) spectrum featured strong absorbtion at 3390 cm −1 relating to the hydroxyl groups. The ESI-TOF-MS spectrum of GS1 showed fragment ion peaks at m/z 1557 (M+H-132), 1527 (M+H-162), 1395 (M+H-162-132), which suggested the sequential loss of two pentose and one hexose moiety. 13 C resonances of the individual monosaccharides were then deduced from the HSQC spectrum. Further supporting information were obtained from the HMBC experiment which also clarified the assignments of some closely related protons and carbons. All the monosaccharides were determined to be in the pyranose form from their 13 C NMR data. The anomeric centers of the glucose and xylose units were each determined to have a β-configuration based on large Figure 1 . Structure of acylated GS1 (MW 1689 da) isolated from Gypsophila arrostii roots. compound was ascertained by 1 H, 13 C and 2D NMR and compared with literature data. The large 1 J H-1,C-1 values of the Rha (165-168 Hz), confirmed that the anomeric protons were equatorial (α-pyranoid anomeric form). The 1 H-1 H COSY experiment allowed us to identify the E-olefinic protons of a 3,4,5-trimethoxycinnamoyl moiety, which appeared as two doublets at δ H 7.96 and 6.66 (1H each, J = 16.1 Hz). Further investigations based on the HMBC and HSQC spectra allowed the complete assignments of all protons and carbons of the trisubstituted benzene ring which were in good agreement with those described in literature. [13] The linkages of the sugar units at gypsogenin C-3 were established from the HMBC correlations between the resonances of Xyl H-1 (δ 5.50) and Glc C-3 (δ 84.2), Xyl' H-1 (δ 5.50) and Xyl C-2 (δ 70.6). The HMBC correlation between the resonances of Glc H-1 (δ 5.20) and aglycone C-3 (δ 86.2) established the attachment of the trisaccharide moiety to C-3 position. Accordingly, the sugar arrangement in the 3-O-saccaharide chain was concluded as: (Fig. 1) .
GC/MS analysis revealed that GS1 has several sugar units: xylose, glucose, arabinose, and rhamnose (Fig. 2) . It can be concluded that the 132 Da loss presents the "normal" scission of one of these sugars. As it can be clearly seen in Fig. 2 ,the acyl group fragmentation was observed both 3-C and 28-C neutral losses of sugar units. This findings imply a substantial stability of this acyl group within MS fragmentation in the positive ion mode. The linking points for sugar moieties to the triterpenoid aglycone in the family of Caryophyllaceae usually are at C-3 and C-28. The most of saponins isolated from Caryophyllaceae family have gypsogenin, quillaic acid, gypsogenic acid, and hederagenin as aglyconic backbone [8] and our findings are compatible with this data.
